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(54) SEMICONDUCTOR DISK HAVING FLASH MEMORY AS STORAGE MEDIUM 

(57)Abstract: 

PURPOSE: To extend the life of a semiconductor 
disk having a flash memory as the storage medium 
by providing a memory controller for read/write of 
a data memory area, an alternate memory area, 
and an error memory area. 
CONSTITUTION: A semiconductor disk 1 is 
connected to a host bus 3 of a microcomputer 2. 
The semiconductor disk 1 consists of a 
microcomputer 4, a memory controller 5, a buffer 
memory 6, an error memory 7, and a data memory 
8. The memory controller 5 controls read/write of 
the buffer memory 6, the error memory 7, and the 
data memory 8 by an address 9, data 10, and a 
control signal 11. The memory controller reads 
information in the error memory area and 
reads/writes data from/in the data memory area 
or the alternate memory area in accordance with 
error information in the case of the normal data 
area or the abnormal data area respectively. Thus, 

the life of the semiconductor disk having the flash memory as the storage medium is 
extended. 
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X*fc*H>T* 

±Bx-* * * U (DI7- <h ft o fc£#£ft§-r*tt« 

±Ex— ^^t'J©5^X7- tftofc:^— ^^t'JtO 
f^tU©7 FWX£X5Hf&£LT*rf*X;7- 

±Ef-^ ^ * u u fl^&tx:?-;* * u 

v&mrzz- tztomtrz^mftTj x*. 

[»#Si2] »#3Kl^«0¥#fr^X^tC^^T. 

T^f X^„ 
X^o 

T, 

tr£ft£. I^-©»o^t l JOX7-i«<OX7- 

W«9I5] 77^> a ^tUMtt«*tlW»# 
x^X^fc^T* 

±B7 7 y y a^^EU ^©a*Sl/&^#t^^frft: 

^^U3>hD-7$lfU 

±B77yya^'JH ^ 
x 9 - 1 ft o * * U W*fttt«f»^ * U 

±E7 9y^3.^ i EU^©K*«URrWI*a*SfT«t 5(7 
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T, 

^-^SBIfcU ±B<D**fc**«bTBW&nfc. « 
X7-tftofcr-*^ J E , J««fWl/, ±E<0fi« 

£®«©w*&t H ux^«**E«i-s«i«Mbfll««* 
* §*rr -5 £ £ «ms £T a***? * x 

IMMI1. 2. 3, 4, 5, 6^tt7S 
«<Bi|M»fle5VX*fc*S^T, 

Mox ^ -fif*8&fe*rr* - t tr e*«ft5* 
>rx^o 

MM 9] 75r>a^* , J«li*il/&*l# 

aat^-f x^tra— ©«at»^>^73:— x^#u a 
st=r>f x^jc^-r<5^©fc8C)©ti^#t^-©fi^; 

m^££tttt££££#&£Ta¥^7VX^ 
MMOI10] HMSBtt^ 75yya«'J*fi 

^gB^^oa^^x^^o^ssft^s^ft^a 
■r««s«^»i: 3 &**rs2ii:«»atr-&¥»*7 f -fx 

Xt, JiE^^x^X^iC^JK^n^^Xh^X^A 

t S^ittS^f^ X^« 
[|M«12]mmi, 2, 3, 4, 5, 6, 7£fc 

n a e*©¥*#5V x * \z^x. 
MKomttwn 

[0 0 0 1] 
[0 0 0 2] 
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RAM, SRAM)0Vf§V>£nTV>£ o DRAM^ifcteS 

RAM^ffl ^ft^mtt&j x 9 \mx?<< X * It it^T 

DRAM. SRAMtt)»^tU^OA^TU-A 
^^T^y^ST^^Ci:, DRAMl^^'JU7l/ 
y^a3W£*a:fc»«fPd*ll*lfc«:ari. ^SRA 

:/BSSW*D R AM<k D *>/h£ < Tit * 

[0 0 0 3] 

-^^^ffiLttDRAM^SRAM^^JCAW 

[0004] s&, «ig±#^©ir^-^com^ 

[0 0 0 5] Ljft»U ^^y^o.^^*J^*#:^X 
©l!cO»J^*^o m?L& 5*>f UP hU — ^FATi 
T^I/^h , J-1>FAT«*:ttffi$n577^> 

;* y <&!|$j£od y n y >? <d& y ? -/ * =t y 
[0006] *Kmomm\*7 7vi'^**v*uteU 

[0 0 0 7] 

JJE5r-**^y®X^-£fto 

* "J M#^O^fflU&tf##&*£fr ft? ;**U n > 
[0 0 08] 



—9 **V1kmm%lZ}i±\t^9 ttVW^ W% 

-5c »«&*l»fc*5HT, x^-a*%£Lfc«^fcL ft 
W***) U SSfcflKSr-:*** 

€r£tr<L#cfc\ x^-cD^fc^^'JM^cDx^-itf8 

[0 0 0 9] 

1 K43^T 1 tt^^T 5 ^ X^T*X h->X^A 2 

4, ^^'j3>hD-75, Ay77«U6, X^- 
**U7> a^^U 8j^£fc£. ny77^y6 

^f^S^SRAM^l^. T-^«U8tt2 
M/H hO^yS'jLj^y Sri 6<@#*^*- ft^ 
X% ¥«^^X^<7)HH1ft^S«3 2M/W FT**. 
X5— *^EU 7 115 1 2 k/H h©77!yya^ : e , J* 

^ustx^^'jrfi^e^s l 2/u 

<D7UyPVW£&fr*fttSi : 5*><0£-?Z> 0 V-f 3>4 
tetfX h/tX3^£<Z>#^£^lt^0* CCD**IC«t> 

75B/ty7r«y6, X7-^^J7, rr-*;*^ 
U8<Z>fft*toU tfMS7HI/X9, t^IO, 
•MOT1 lSffl^m X7-^^'J7 

[0 0 10] 0 2{rx^-^^U 7CD^^EU^-;7 r O« 
30 fc^To «l^«X^-f?|^^7 1, ^tffgm^7 

y^«c^-r^x^-it^^iai»-r^M«T, x^-re 

X^-CD^^if^#i-^f^^^UOD^Dy^#-^^ 

;r£lC«fc0tt#*^yMi&7 3©$t^U7^*l^ 
ftf^ ; e , Jffi«7 3ttT-^^ ; £'J8 

*VStmmU5 1 2/W h^Dy^Ti^l, -en 
^tl©^ny^ic^L2 0 0 0 0 h#a&tf>£Jg#fcft# 

[ooii] &\z*w<D*mfr?4 x* i ©ErflMr?^ 
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^ ^©7D^3 >til*8 taa^-r * * fc £ £ 

^##^> h ^ y * s tiitm-s \z \t 
v^3>4<Dii*wu^©«i } 3aT'iiS:ia3^"r. 

7 l*>SK*£*o M*.tt7n?* i.&K*tffr»^li 

X7-^ l J7©00 0 0 2h#i, ^D-^2«0 0 
0 0 4 h#*<DX^-«*«r|ffi*^S- *K 1 0 1 fc** 
V>T»» i: *p fcx^-fit «^ *tIEtt*>£ 5 ^ 

^2<&#£X57~ff*8teO 0 0 0hfc<DTr»*T?*«£ 
^ViT^—^^^EU 8©^ny^ 1 5 1 2/Vf NO 2? 

2 -5 \zm#te7uy i^<om^u i o 3 ic*5^tx^ 

-M0)0 0 0 0h^t^^Ui«7 3<z>tt#:/ 

^^^K^tHTW^x^-^^^^O, e»co^D 
[0 0 12] *l:*Xh/U3^677-f^T-^«t 

ji^<D'7'i'3>4(z>^s^ie^-ro sr, T-f3> 

4tt2 0 0\Z&\,*X*XhrtX3fr*>^fL*>nZ>yy'i 

f^X^-WX^-^^'J 7a>X^-fif*B»£7 
7-fi«Sf Xt;^t5* ^D^^ICOX^- 

WW*FFFFhfc©TiE#<0:/ny# % e&D, ^a-/ 
^2OX7-W0 0 0 Oh^0ta«^Dy^T 

»ft^Dy^'MDfta*»:OT2 0 SW^Tt^ 
^^>J8^ny^lOT-^^U 2 0 4fc£t'> 

— 80?Uy2 l^##&t?o ^D7^2a.© 50 
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©•C2 0 5IC^^TX^-19®C0fit0 ooo hd^-rft 
t/€UM«7 3O^Dy^0©T-^^*U 
2 0 6fci:feV>T7ty ^T^^EU 6 07^^7-^^ 

^yny^O'vS^&ir- #£2 o 7ic:fci>T7 r -*;* 

^U8ifcttX7-/^J 7^C0*#&**tIE#fc:fTft 
WKSr^fcJS'&T&So 2 0 7©^x^#K:*5V>TiE 

©:?r^;^-*»£&***©««tt*T-r*. — 

ftm&\*2 0 8©^MglC£9X^-f*«©ffi^ 
[0 0 1 3] 0 5KX7— ^HcO^S^-To 2 

o 9\z&\,*xx.7-**:'j 7 <D&mmmmi&7 2<D&m 

fffffi£#!^£9* 2 1 OIC^T&JStf^^ffiffl© 
ftf^ny^Sat. gJ2TteH0j^£3tf'y h*UT 

^Ufc^ny^(Dft^«^^ny^4Tff^'5o 
t\ 2 1 i lc*3V>Ttt#:/ny# 4©^— ?%m&V* 

2 1 2IC:fcV>T7ty 77^^^ 6(D77^f^f-"^S:ft 
#:/ny*4fc»#&tf. ^CJC2 1 3K*5^TX^— tfj 

X.?—fen&ffl&lsX$>Z>7uy>7*rty7T* ;: eV 6 
fcC*?"*. -eUTx 2 1 4fC^ViT/t^7r^ : EU 6 
KfEtftU)fcX^-1£#a£#rbV>X^-- ti>*l::#£&*. 
^^.(i^a ^ ^ l ©f tiiW7-^K0 o o 

0 2 h#fl&©FFFFh£tt#:/ny#4©:/n-;/?# 
^ 0 0 0 4 h t£#1*&A£. ^LT* 2 1 5 Kl43^TX 
7-®m&*&7 10«M.W«^n5r>«)f-^* 

*83;U 2 i 6 1c43^t;^:7 7*^u e©^-**^ 

©X^ — flf*&M#7 lO^D^^^m 

1$lC2 1 7lC43^T$W3fim^7 2<D7Uy2&rty 

yy**0 6\zmmL>. 2 1 8fc*5^T^@«ffctfW 

fbt2 i siz&^T&mmmmm 2<D7ny?o>y! 

^-^^«««««i«7 2<D7Uy?^m%&tS. «± 
cox ^ — ^S^MiTX ^ — ^ ^ ©«#^P y ^ ^© 
fg^«At, X7-1S^co^*fr^"5o 

[0 0 14] *0HT«2 0 7 \Z&^Xm$&&<D 

^^yZV&fTfcilt&Z 0 3Rt^2 0 5 <Dffi£<D % A<D 

^m\z^xm^iE^\zn^nftfi>^3fi>(D^^y 

t7&MXXh^\ dco^t) 2 0 8 (DJL'y-i&m&fr 

[0 0 15] *«TOX7-^€U 7fcft«**:U«« 
7 3 tX^-tS^««7 1 fcWJTfcJ&WWtf^U** 
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[0016] ig6©*»#i<D^-^**u 8©>*U7 

8&aj«ffc«««*8 1, X7-fiiS«8 2, 
«#^^&U««8 3tt5 i -^®«8 4C0X^-i:^^^ 

y n y * tt#ir *«srr, x y-mmmm 8 2 ra-=r- 

^^«8 4CD#^n-/^OTKUXfflB> fcSWSx- 
*»£8 2CT>^ny^)^tx^-(D^^#^D^^<7) 

3, #tfX^—fiNg««8 2, ^-^M«8 4C0K^T 

V<D7 FVXtif*8*>fatftbT*5<o xl— iftt^JS^-r 
x^^lOMfb-r^t^tcccD«o»!{t:fil^«8 1 KiH3£ 

[0 0 17] ^IC*0!|OE&^^^^TIft^*r^« **T> 

*x h;u 3 tf> 6K*^U***a^&«ft«>^-f xi > 

4O«l31^IB^08^-ro *7h;U3^6fir-^ 

V-f 3>4f4 3 0 OfcJfelvrx^— W*«K8 2*>&X 
X^HWIorFWXttWJBfcW 
«fc|#8 1 OX7-t«Ijt&7 KV^i^X h/U 3^ 

*«tyD*^»fjJ«0©W» X7-f*fl)7^^ 
teX5— fiHgllfterFVXO 0 0 l£5 1 2fitbfe2 0 
0 hO*|0<Z>T Kl/XT*^, *i:3 0 1 fc*5tr>T3 0 
0Ta^cbfcX^-ft«lC^-r^«bS^ay^&Sli 
SS5^Jt*T^D y trmmfi 0 ©i^BX7-«* 
#2 0 0 hft©T2 0 0 h£5 1 2»Lfc5 s — *»£8 
4 CD 4 0 0 0 h#ffl#6WM*-r« *&K*WPy 
^»#2©«4X7-|Wllil 0 0hfctfr?ft#;<*: 
Uffiit8 3cO2 0 0 0h#^^6^^To £0>J:5K: 
^WTttX^-WW*^©**^-^^^ U©»aiT H 
IxX&^-TOT, 0 3©*;ffi0i)£J*ftr) 1 0 1<Z)X^- 

[0 0 18] ^clcaJ%Xb/tX3 3&*S»€ra**4r*«tt 

ftit, Sf4 0 0l:4JW^777^^U 6fc*Xh 

feX^-S^^^^tf^D^^OftSTKI/X&tf 



*LT4 0 3IC*5ViTA!y7r^ ; EU6fcE«bfe 

«£i&*x-*&4 o 2~cmm\sfz®m7\ : i>7,ijm? 

0 4 fc;feHT4 0 3 sEftlZff tttlftfr?- 

7T^^JE^T^>t>fe»^tt4 0 5®X^H»JS«t 
X^-«13140 STiiifMX^t&ofc^ 

#^^x"-^*feMT^i:^JCX^-^<i:«J^b«* 

*s«r*r^o *r 4 o 6 \z&\,*x®mfcmnmma 1 

«ffl7 F UX©M^»rLV^#^D y#<D7 F U-X&S 
T. ^tC4 0 TK^TftW^ty**^^**** 
■r^n-;^C0'7 s -^*?S*'rSo S7CD«T?«10 4h 

$51 2f&u^2 0800 hmmojuy 

*ic4 o 8fc^t/b7r^ : eu 6cD«trj&^7 

— ^£2 0 8 h»fl)^Dy^^atJ. ^C4 0 9 
^^T##^X^-t^:ofcX^-fi|^(D^n^/7 
Ox~**X^-fimM«8 2^^^Wy77 

a? ^tu 6^fej£f*. te2lLfcx^-^»«4 i o\z%> 
^xzfWs^v-mmzmftt*. xmwnxjiZfuy 

>; o 'mjd^&^x^— <z>«^i:/n y # o OX7-^ 
«2 0 OhfcjftLUf^t/n^^TFl^X^l 0 4 
h<v3M?**.«. WZ4 1 lic:fcV>T*#*.£fTfc5x 
5-«f««W8 2wyPy^Or^^U 4 1 2 

I^^Tn^^r^tU 6*>H#rbfcx^— ti?«£x^ 
-fMR»«8 2©#^&fT^:3^Dyi7^#^tro 

^cjc«jffl{b««^ 8 1 <ovm?u y zxmmr f wx 
^Mrfcfr&s&fc* *r4 1 3\z&^T®mtmmm 

30 «8 10f-^£n77T^ : EU6^1t$o -tt 
T, 4 1 4fCi5^T«@lLfelO^^^O^^#^^ 
"J *ttfl§7 F PXM* 1 AH^T*. dCDffitt^SS^ 
&#a: <? - #5B£ b uv>tt#:/n y9<D7 F 

WXflN8<i:fc*o ^4 1 5tC^^T«J«S{kfil«^8 
lCDx— ^£iB*U 4 1 &\Z&\,*Xrty~7T**:V 6 

<DM«rbfc|0Wb1f^$«JMfbff^«8 i^«*a 
tfo ^Ji0^llT#^^&t;x^--«l3S$fT^«5 < > 
[0 0 19] ^W-CttfW^^EUftlWcS 3 £7- 

^8 4 u*n*n i mm<n&v$>2>&. ®mitmm 

[0 0 2 0] rC0«(-, ^^^^^^EU^^Itllfrt 

AieiJ&^^ia^^sx^-^^r^^^T*^^ 

X^Of^Sr^f^rcit^T^So 

[0 0 2 1]*!:, Hi, 2, 6, 7 cat$asw;::m*£ 

ft#^^U««7 3, 8 3tX7-MM«7 1, 8 2 
56? [0 0 2 2] *-f. f^#J^ ; EU«i«7 3, 8 3®$1 
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WU *Xh^XT&2&^t*mm\Z&&ttff5fc 

WTIJr^^^^U 8 te3 2MB©5^» FAT&tfx 
>f l/^ hU-I«tlt 1 2 8 kBfflM^n. CCD 
«6\ fW^yflWl? 3, 8 3IC1 2 8 kBCD3ffiK 
3 8 4kBO$fi§tnH FATtx-rW^hU-I 

fca&, ¥£#er>f X* 1 (D#ffcte4tel;:fc*. 
[0 0 2 3] ^T, ft*;*;eyfftt7 3, 8 3»->U i0 

X^ 1 CD$frfr£nf&fc:U£:^P^ T-^^tU 
8 CD 5 S MK A Srff 5 ^(D$I© n - 1 f&cD& 

#8 3tltl 2 8kBffllitl^OTi#li2«^ 
5. -jKCIiFAT^r>f 1x^7 hU-^0*r^TIC 

[o o 2 43 x\zj:7-mmm&7 1, 8 2^si:o 

3 COa-^D y ##^£!BtfcT£^#£5r-**^y 8 CD 

UI«7 3*«7 6 8yD7^ (384kB) , y*-* * 
tU8^6 4k^Dy^ (3 2MB) *<5OT, 76 8 
S^-Tl 0 tfy hCDT KVX««£6 4 k<gf3«-r^^ 
8 0kBfi^<tfeiMT^. 

[o o 2 5] 0 7cD^sm>«£«x5-ti&®&8 2 

(Cftfttf^yfiMtS 3£fcte5*-^#8 4<D?Uy 

T-^i^8 4IC6 5 0 2 4^D7^$^AW 
SCDT* ^D7m^1-1 6 tTy hCDfif?8£6 5 0 
2 4ffl#t2«T*^Stf#gTfc*. 

[0026] 4&mmmm&7 2^xswmitmmmms 
[00273 z.nt,&mt&&ftft2>t&tey7y$'^* 

[0 0 2 83 z<D&z>\z*fzm\z&n\*. y^v^^L* 
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7 1, 8 2^»f^tUI«7 3, 8 3 KJ8 

Tf, ^frx^X^ lCD^^2«^±lCT*^<t^pJ 

^US«7 3. 8 3 <D&*&if*>-frfct 

i <n<i >*-y 3L-x\z-D\,*T®mmwr*o *xbzs 

^(DlffM&SggT&D, *X hAX3«iin6cDJfc 
grT£*X h/U3l:ttSCS I^IDE^>^7x 

-x*t&*. *«W©¥i*T^ 7^ i 

AX 3 ICSSIM"* tfl^x-f TsZUEft Z^mfcr* X 
[0 0 3 0] ¥»#5VX* 1 SSCS I* I DE-f > 

* - ? x - x ^&«s-r * \z izmm.y'j x?<D-(>#-y 
jL-xtm—\z'rz>&m&&z>c •ecDfca&fcttS'r* y 

7 V is 3. ;* ^ 'J CD :/ n y 2 CD M & 3 £ tiB^L 5 s A X ^ CD -fe 

-rx*5 i 2;h htufctf. cnma^^x^co-fe 

**1MXK&fc>ii:;fcfccDT&&« ?DyWXJ» 
^x^X^co^^^^-fXi:Dt)/jNSV>«'&tc:^«[«ccD 

y H Icft^-T * fccDte? ^ y yo.^^ y h ^ 

^Sy&*fr£cD--r>*— yjL— XSf^— *Xhr* 
X 3 * 6> 5 A en^I^TY X CDAffl;>Jffe<frT¥£# 

5Vx^ i<DfflP£fT5£5fc:-f£ 0 

cd*m icM^^t * * . 
[0 0 3 1] TKco^itt»^>rx^^co#^t-?-cD 
^^jc^-r^^^^x^^s, s.t* a^c^x^ 

[0 0 3 2] 

[^1] 
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Recal ibrate 
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Read Sector 
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Write Sector 
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Read Verify 
Sector 
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Format Track 


"j CflZ^'yy—i:^— 
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Seek 
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Execute Drive 
Diagnostic 
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Initialize Drive 
Parameters 
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Read Multipul 
Command 
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Write Multipul 
Command 







[0 0 3 3] H^lfJ I DE^f y& — 7i — X<£>{$JT$> e^&Atf^SKfc*. 
5. ^ll^^TNo. lfc^tfNo. 6ttM!;H©» [0 0 3 6] S C S I <i >^-7x-X(^Wt> I D 

5i&S#frV>. R e a d Verify S 40 X^^^^O^@<Z>^3K^oI|B?kfe*, 

e c t o rlMH*ffiS£fTt>fcV>. -t©«cz>*^4*l mW*M<D4r*ft**:ttvT*9s ¥3Mfrr-f X* 1 

[0034] * i \z&\,*xj®>m&nt>i3L^m&°v #fr*-£. <au s*wir«a^x>rx^t^i;*^ 

[0 0 3 5] J^JiOct^lcam^X^W^^-^x ^LfcV-rn>4C9®S, 03, 4, 5, 8, 9CD7U 

-X 1 <ZW >^-7x-X £1^— fc*T — btf>#UiK**X hvXfA 2 TtToTfc J;^, 

SCfcfcitK Mf^^SWWr^M^ 50 [0 0 3 7] £ip<Z) I rW ^-Vx-X 
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tt#£LTJEIDA^PCMCIA#&*#, 
XSJEI DASfctePCMC I AlC2pa$-arT¥5W*: 

[0 0 3 8] «Sl^X^tlfc«bT^#^^^l 
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